S2
. ST6GalNAc-IV was expressed and purified as described in experiment part. The purified ST6GalNAc-IV was resolved by SDS-PAGE and stained with Coomassie brilliant blue (left graph). The purified ST6GalNAc-IV was resolved by SDS-PAGE and the blot was probed using anti-His primary antibody (1:500) and Goat anti-Mouse secondary antibody (1:10000) conjugated with HRP (right graph). or Ca 2+ ) was incubated at 37°C for 1 hour. The reaction without enzyme was performed as a control. The reaction was stopped by diluting the reaction five times with cooled buffer of acetonitrile/100 mM aqueous ammonium acetate pH 4.5 (60% acetonitrile). The reaction was quantified by measuring the newly formed CMP by HPLC.
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Figure S3
. Chemoenzymatic labeling of cell surface sialyl-T antigen using conventional reporter pair 3 and 12 (long exposure, 40s). Cell surface of sialyl-T (MCF 7 cells) were labeled and biotinylated as described in experiment part. Labeled proteins from cell lysates were detected by
Western blotting with streptavidin conjugated with HRP. Figure S4 . Comparison of reporter pair 4 and 13 (two-step labeling) and probe 10 (one-step labeling) by western blot. Cell surface of sialyl-T (MCF7) were biotinylated as described in experiment part. 30 µg of proteins from two-step labeling group (the most left lane) and 3 to 25 µg of proteins from one-step labeling group were resolved by SDS-PAGE and the blot was probed Biotin N-hydroxysuccinimide (biotin-NHS); 12. To a solution of 1.96 g of biotin (8 mmol) in 30 ml of DMF was added 5.6 ml of TEA (40 mmol) followed and N,N'-disuccinimidyl carbonate (DSC, 2.60 g, 9.6 mmol). The reaction mixture was stirred at room temperature for overnight.
Reaction solution was concentrated under vacuum, and the residue was washed three times by S10 diethyl ether to afford rather pure 13 biotin-NHS (2.6 g, 98%). This was used in the next step without further purification.
Biotin-PEG2-alkyne; 13. To a solution of 1023 mg of biotin-NHS (3 mmol) in 20 ml DMF, 500 mg of 2-[2-(Propargyloxy)ethoxy]ethylamine (3.5 mmol), 2.8 ml of TEA (20 mmol) were added.
The reaction mixture was stirred at room temperature for three hours and monitor by TLC. Once reaction finished, DMF was removed under vacuum, and the residue was purified by flash chromatography on silica gel, which eluted with MeOH: EA gradually from 1:50 to 1:4 to give the product 2 as a white solid (0.96 g, 90% yield 
Compound 10 (CMP-5-biotin-PEG2-triazole-Sialic acid).
To a solution of 98 mg of 3 (0.15 mmol) in 10 ml of water, 10 ml of methanol containing 74 mg of 13 (0.2 mmol) was added. Then, 5.3 mg of TBTA, 2.5 mg of Copper(II) sulfate pentahydrate, and 3.5 mg of Ascorbic acid were added. The reaction mixture was stirred at room temperature for one hour and monitor by TLC.
Once reaction finished, the solvent was removed under vacuum and the residue was re-dissolved in water. The concentrated solution was desalted by Bio-Gel P-2 column to afford 124 mg of white solid (81% yield Expression of ST6GalNAc-IV in Sf9 cells. His-tagged soluble human ST6GalNAc-IV was produced in insect cells. 9 The 100 µL of P1PP1 baculovirus stock and Sf9 cells for the expression of the ST6GalNAc-IV were kindly provided by Dr. Donald Jarvis from University of Wyoming. Table 1 ), 15 ug of ST6GalNAc-IV, was incubated at 37°C for 1 hour. The reaction was stopped by diluting the reaction five times with cooled buffer of acetonitrile/100 mM aqueous ammonium acetate pH 4.5 (60% acetonitrile). The diluted solution was analyzed by HPLC equipped with UV detector at 254 nm using ZIC®-cHILIC column. The column was eluted at 30°C with acetonitrile/100 mM aqueous ammonium acetate pH 4.5 (65% acetonitrile) at a flow rate of 0.6 ml/min. The enzyme activity was valued by the newly formed CMP. The relative activity data was shown in Figure 1 .
Chemoenzymatic synthesis of sialyl-T-related oligosaccharides for acceptor study of
ST6GalNAc-IV. Entries 1 to 4, entry 6 and entry 7 were synthesized from GalNAc--Bn (entry 5) by stepwise assembly strategy employing bacterial -2,3-sialyltransferase (PmsT1), 10 -2,6-sialyltransferase(Pd26T), 11 and D-galactosyl-1-3-N-acetyl-D-hexosamine phosphorylase (BiGalHexNAcP). 12 Entry 8, 9 10, and 11 were prepared as reported previously. Table 1 ), 10 mM of 10, and 15 ug of ST6GalNAc-IV was incubated at 37°C for 30 min. The reaction was stopped by diluting the reaction five times with cooled buffer of acetonitrile/100 mM aqueous ammonium acetate pH 4.5 (60% acetonitrile). The reaction was analyzed by HPLC equipped with UV detector at 254 nm using ZIC®-cHILIC column. The column was eluted at 30°C with acetonitrile/100 mM aqueous ammonium acetate pH 4.5 (65% acetonitrile) at a flow rate of 0.6 ml/min. The relative activity data was shown in Table 1 .
Cell Culture. HT29, MDA-mb-231, Raw 264.7, T47D cells grown in DMEM medium supplemented with 10% fetal bovine serum (FBS), 100 units/mL penicillin, and 0.1 mg/mL streptomycin (Gibco). MCF 7 and HEK293 grown in MEM medium supplemented with 10% fetal bovine serum (FBS), 100 units/mL penicillin, and 0.1 mg/mL streptomycin (Gibco). In all cases, cells were incubated in a 5% CO2 humidified chamber at 37 °C.
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Detection cell surface sialyl-T antigen by western blot. Cells were cultured as described above and harvested by centrifugation (1000 g, 5 min). After wash three times using PBS, Cells were labeled in suspension at 37°C for 1 hour in labeling buffer containing ST6GalNAc-IV (100 µg/ml) and probe (3, 4 or 10, 200 µM) , while the reactions with the absence of ST6GalNAc-IV were performed parallel as controls. The labeling reaction was stopped by two washes with PBS (centrifugation, 1000g, 5 min). The cells were further disrupted by RIPA buffer supplemented with protease inhibitor cocktail. Cell debris was removed by centrifugation (12000 g, 15 min), and the supernatant solution was diluted to 1 mg/ml using water. To perform biotinylation (probe 10 without this step), 500 µM of CuSO4, 2 mM of BTTES, 2 mM of sodium ascorbate and 100 uM of probe 12 or 13 were added to biotinylate probe 3 or 4 group, respectively . After the reaction was carried at room temperature for 1 hour, the proteins were precipitated using methanol/chloroform/water as described above and washed twice using MeOH. The proteins were redissolved in 2% SDS. About 30 ug of protein was loaded for SDS-PAGE separation and western blot analysis.
Western Blotting. The purified, labeled samples from above was separated by SDS-PAGE and transferred to a polyvinylidene difluoride (PVDF) membrane (Millipore). The membrane was blocked in 3% BSA in TBST (50 mM TrisHCl, 150 mM NaCl, 0.05% Tween 20, pH 7.4) at room temperature for 2 hours. The membrane was incubated streptavidin-linked horseradish peroxidase
(1:20000) at 4°C overnight or at room temperature for 2 hours. The membrane was washed three times with TBST for 10 min, and the blots were developed using ECL reagents and ImageQuant LAS 4000 mini imager (GE Healthcare). For Anti-Actin or Anti-His western blot analysis, the membrane was incubated with Anti-Actin or Anti-His in TBST containing 3% BSA at 4°C
overnight. The membrane was washed three times and incubated with second antibody (Goat antimouse, 1: 5000) as room temperature for 1hour. The membrane was washed three times with TBST for 10 min, and the blots were developed using ECL reagents and ImageQuant LAS 4000 mini imager (GE Healthcare).
Chemoenzymatic imaging cell surface sialyl-T antigen by Fluorescence microscopy. MCF7 cells were cultured 24 hours to allow adhesion. Monolayers were washed three times using PBS containing 3% FBS. Then, cells were enzymatically labeled at 37°C for 1 hour in labeling buffer containing ST6GalNAc-IV (100 µg/ml) and probe (3, 4 or 10, 200 µM). Group that use probe 10 was washed three time for next step. After three washes with cooled PBS, groups that used probe S14 3 or 4 were biotinylated by CuAAc (50 µM 12 or 13, 100 µM CuSO4, 1 mM of BTTES, and 1 mM of sodium ascorbate) with probe 12 or 13, respectively at RT for 10 min. 
LC-MS/MS Proteomic Analysis.
Cell surface proteins from MCF7 and HT29 were labeled as described above. the cells were disrupted by RIPA buffer supplemented with protease inhibitor cocktail. The proteins were extracted by MeOH: CHCl3: H2O (4:6:4.5) and washed three times by MeOH. This process can remove lipids and other impurities. To capture biotinylated proteins by avidin beads, the protein pellet was resuspended in 2 mL of resuspend buffer (4%SDS + 2M urea in 50mM ABC pH=7.5).
250 µl of avidin beads (Thermo Sciecntific, USA) were washed three times with PBS (1 mL).
Beads were first pre-blocked with 5 mg/ml BSA in the resuspend buffer at rt for 3 h, washed three times with PBS (1 mL), and incubated with the labeled proteins at rt for 3 h. The beads were 
